When considering the numerous events that have prohibited the development of scientific projects or caused destruction of outcrops, it is clear that there is rapidly increasing necessity to define a Brazilian Code of Conduct for geological fieldwork. In general, this destruction is attributed to lack of knowledge as to the relevance of geological sites. The aim of this Code of Conduct is to guide geologists to adopt good practices during geoscience activities. Proposed guidelines are based on Codes of Conduct from other countries, mainly Scotland and England, on situations described in papers and on the personal experience of the authors. In this paper 29 points are suggested, in order to guarantee that fieldwork is conducted in accordance with geoethics, geoconservation and sustainability values. The proposal is structured in three parts: (1) Behavior and practices in respect to local traditions and providing information to the population; (2) Measures to minimize degradation on outcrops; and (3) Safety. The proposal seeks to broaden the debate on the need for responsible behavior during fieldwork, in order to promote respect for geodiversity. Through this code, Brazilian geoscientists will be able to contribute to the conservation of geological heritage and of outcrops with special educational relevance.
INTRODUCTION
The definition of a Brazilian Code of Conduct for Geoscience activities in Brazil is becoming increasingly necessary, especially when we consider the many events that have prohibited several scientific projects or caused the destruction of outcrops with educational, touristic or scientific value.
Events such as these still occur, even in countries where codes of conduct have been implemented. MacFadyen (2011a) highlights the irresponsible collection of paleontological material at a geosite of special scientific interest in Scotland, resulting in the accumulation of several fragments of fossils that were damaged during the collection, which were subsequently abandoned, probably because they didn't represent complete specimens. MacFadyen (2011a) also presented the case of a large hole opened in the search for trilobites in the southwest of Scotland, causing damage to a geosite with aesthetic, educational and scientific value. The conservation measures undertaken to protect the remaining fossils in situ were to cover the area with a cloth and fill the hole with rocks and soil of the region.
This demonstrates that, besides the existence of rules, there is a need for a wide discussion among geocientists on these issues and the application of strategies for the geoconservation of geoheritage with educational and scientific value. Thus, it is possible to raise awareness as to the need for maintenance of the integrity of such places, valorization of the educational use of their attributes by students and researchers and their enjoyment by the population in general, which can benefit through geotourism.
For these reasons, this paper proposes a Brazilian Code of Conduct for fieldwork in Geology. The aim is to present guideline suggestions for the adoption of good practices during geoscience related activities, adapted to the Brazilian reality. (MacFadyen 2007 , 2008 , 2011a , b, Fedonkin et al. 2009 ) and authors' experiences in the field.
GEOETHICS AND GEOCONSERVATION
The International Association for Promoting Geoethics (IAPG 2012) defines geoethics as follows: Geoethics: (a) consists of the research and reflection on the values upon which to base appropriate behaviors and practices, wherever human activities interact with the geosphere; (b) deals with the ethical, social and cultural implications of Earth Sciences education, research and practice, providing a point of intersection for Geosciences, Sociology, Philosophy and Economy; (c) represents an opportunity for Geoscientists to become more conscious of their social role and responsibilities in conducting their activity; and (d) is a tool to influence the awareness of society regarding problems related to geo-resources and geo-environment (IAPG website: http://www. geoethics.org; l st access: January 2017).
In this same sense, Vasconcelos and Imbernon (2015) discussed the internalist model of Science, characterized by a separation between the work undertaken by scientists and the social, environmental, economic and political context within which it takes place. For these authors "In this context arises Geoethics, due the growing awareness of environmental problems, translated from the need for an ethical attitude with the Geosphere, from the social responsibility of geologists. Geoethics is an interdisciplinary field between Geosciences and Ethics…".
In the same approach, Grunwald (2015) lists nine sustainability principles relevant to Geoethics: (a) protection of human health; (b) securing the satisfaction of basic needs; (c) sustainable use of renewable resources; (d) sustainable use of nonrenewable resources; (e) sustainable use of the environment as a sink; (f) avoidance of unacceptable technical risks; (g) conservation of nature's cultural functions; (h) participation in societal decision-making processes; and (i) equal opportunities.
CODE OF CONDUCT FOR FIELDWORK IN GEOLOGY 433
According to Raworth (2012) , sustainable development requires that humanity's use of natural resources remains within environmental limits. This means recognizing that many Earth systems have critical natural thresholds or gradients of increasing risk -such as climate change, loss of biodiversity, and land use change -which must not be crossed if the Earth is to remain in its current state, which has enabled many human civilizations to arise, develop, and thrive. Between a social foundation that protects against critical human deprivations, and an environmental ceiling that avoids critical natural thresholds, lies a safe and just space for humanity ( Figure 1 ). This is the space where both human well-being and planetary well-being are assured, and their interdependence is respected.
Butler (2015) lists a variety of damage suffered by valuable rock outcrops that was caused in the name of science. For him, scientists, funders and publishers must push forward a stronger code of ethics. He presents the use of core sampling in paleomagnetism, microgeochemical and archaeological studies and alerts to "destructive sampling ethics". One of the most important geosites in the world, the Giant's Causeway, in Ireland, had an area damaged through rock coring. As a World Heritage Site and part of the Giant's Causeway, it was highlighted in the "Causeway Coast and World Heritage Site Management Plan 2013 -2019" (Northern Ireland Environment Agency, 2013) that damage had been caused through rock coring practices. The Geological Survey of Northern Ireland (GSNI) and the Northern Ireland Environment Agency (NIEA) in conjunction with the National Trust have recognized this and produced a position statement addressing the issue, which can be consulted at http://giantscauseway. ccght.org/rock-coring-world-heritage-site/.
The neologism "Geovandalism" has been used in many texts on geoconservation to explain the destruction of features on outcrops through sampling for science, for private collection or ignorance of the importance of the site. Rowan (2008) described as "professional geovandalism" the use of a hammer to collect Archean bacterial mats in the Pongola Supergroup, in South Africa. MacFadyen (2007) presented a scathing article about core sampling entitled "When coring = GEOVANDALISM".
On the other hand, Peppoloni and Di Capua (2012) alert that geoethics does not exist without real awareness of the scientific community as to the cultural value of the Geosciences, with the perspective of the spiritual and economic progress of humanity. Their ideas can be summarized as follows: "Otherwise, there is the risk that geoethics (Brilha 2016, Peppoloni and Di Capua 2016) .
In many countries the behavior of professionals during fieldwork is oriented by a Code of Conduct. These documents also include aspects related to safety. Lisle et al. (2014) presented methods and material necessary in geological mapping. They alert to safety risks ("Do not proceed until you have read this section!"), usually classified into six types: fall from steep slope; struck by falling rock or splinters from hammering; drowning after being swept away by waves, tides or floods; cannot be reached by emergency services; exposure to extreme chill from sudden drop in temperature; and motoring accident. In Brazil, we can also include heat stroke, resulting from prolonged exposure to excessive heat and characterized by cessation of sweating, severe headache, high fever, hot dry skin, and in serious cases collapse and coma. These authors also emphasize the need to obtain authorization from the owners to enter their lands and for rock hammer, for example.
THE NEED FOR A BRAZILIAN CODE OF CONDUCT
Many cases of problems caused by inappropriate use of geosites due to fieldwork have been reported in Brazil. A remarkable and recent fact was the prohibition of sample collection imposed by landowners along a railway where Devonian fossils of the Paraná Basin outcrops were found. A few years ago fines were imposed by the company that manages the railway because rock fragments were found on the tracks after irresponsible sampling during fieldwork. After this incident, the owners began to inhibit access to the fossil site, which used to be visited very often by educational and research institutions from several states. Moreover, in this same place, the numerous visits without the development of heritage education projects for residents generated another negative effect.
Children from the nearby communities began to offer visitors fossils they had collected, and to indicate the location of the fossiliferous horizons, in exchange for payment. In both cases, the removal of fossils without concern or interest for the conservation of the geosite or the preservation of stratigraphic or taphonomic information generated threats to the paleontological research and geological heritage. In Brazil, graffiti on rocks and in caves is another recurrent problem ( Figure 2 ). The caves are also often vandalized by the withdrawal of speleothems and religious practices.
Researchers have also been identified as responsible for damage to outcrops, which have been systematically damaged through sampling, like the example of Fazenda Arrecife, located in the state of Bahia (Figure 3 ). In this example the warning about future surveys, identified by red paint marks at six possible drilling sites on the best and most didactic exposition of the outcrop, prevented the removal of core samples from one of the most important scientific, aesthetic and educational neoproterozoic stromatolite geosites in Brazil.
Another aspect that cannot be overlooked when it comes to code of conduct is the issue of maintaining staff safety during the fieldwork. Two tragic cases took place in Brazil that led to the death of students in 2006 (Federal University of Rio Grande do Norte -UFRN) and 2013 (Federal University of Pará -UFPA). It is therefore important to consider appropriate behavior and safety during activities. In the case of UFRN, some students disobeyed the teacher's instructions and passed through a region with loose rock blocks that were dislodged as the group passed over them. The rocks hit a student on the head leading to his death. In the case of UFPA, some students suffered sunstroke during fieldwork and, according to what was verified, one of the students became disoriented and got lost in the region. The student was found dead days later, the cause of death being dehydration.
BRAZILIAN LEGISLATION ON GEOLOGICAL HERITAGE
The legislation concerning exploitation of mineral resources and collection of scientific samples, including fossils, is huge and diverse in Brazil, but not very effective, due to the lack of law enforcement. The virtual absence of control results in many students and even professionals not being familiar with the legal rules regarding the collection of material from geological and paleontological sites. It is worth mentioning that for the purposes of this paper, paleontological heritage is considered part of geological heritage. Before beginning fieldwork, it is essential that all members of the research team are enlightened as to the main aspects of the Brazilian legislation. In addition to the importance of this previous knowledge, the fieldwork should be preceded by detailed planning that includes, among other aspects, an assessment of the necessary amount of material to be extracted, according to the most appropriate methods. This planning can prevent potential risks to the safety of the geoscientists and provide clear data to establish a good relationship with the local population.
Protection of fossiliferous deposits was first mentioned on March 4 th , 1942, when President
Getúlio Vargas signed the Decree -Law 4146, after advice from the paleontologist Llewellyn Ivor Price, from the National Department of Mineral Production (DNPM). In the first article of that decree, fossil deposits are described as property of the Nation. The extraction of fossils depends on preventive authorization from the DNPM that also oversees the exploitation of fossil deposits. National and State museums and similar official institutions, i.e., universities, and federal and state institutes, should send notice of the completion of fieldwork to DNPM (Brasil 1942) . This Decree defines that any person that explores fossil deposits without express authorization from the DNPM will be subject to arrest as a spoiler of the national scientific heritage.
The participation of foreigners in scientific fieldwork in Brazil is regulated by Decree 98830/1990, which concerns the collection methods of scientific data and materials (biological and mineral specimens and objects of the native and popular culture of past and present). The MCT Ordinance 55/1990 normalizes this Decree (Brasil 1990a, b) .
There are several legal norms which regulate the research and collection of geological and paleontological material and protect the natural heritage in Brazil. These rules include: (a) The Constitution of Brazil/1988: articles 20, 23, 24 and 216; (b) Laws: 6.938/1981; 7.347/1985; 7.804/1989; 9.605/1998; 9.985/2000; 11.046/2004 11.046/ (c) Decrees: 25/1937 2.848/1940; 3.689/1941 (articles 163 and 180); 80.978/1977; 8.176/1991; 3.166/1999; 7.092/2010 ; Convention Concerning the Protection of the World Cultural and Natural Heritage (Paris 1972), adopted by Brazil in 1989, through Decree 98. 830/1990; (d) Decrees-Law: 4.146/1942; 227/1967; 72.312/1973 .
The newest official legislation document on fossils and fossiliferous sites in Brazil (DNPM 107/2010) presents a broad legal analysis on DNPM´s responsibilities and legal duties. It recognizes the responsibility of the DNPM to protect fossil specimens and fossiliferous sites (Item X). In Item XI, this document assigns the task of classifying fossils and fossiliferous sites as heritage to IPHAN (Instituto do Patrimônio Histórico e Artístico Nacional -National Institute of Historic and Artistic Heritage). Both federal institutions can protect this heritage through the Protected Area Unit named Natural Monuments (Item XII).
Since 1999 the Law Project 1.859 has been under analysis by the Congress, with the proposal to declare fossiliferous sites as Natural Monuments, to be classified by DNPM as: (a) Open -when the conservation of fossils is compatible with controlled visitation activities and research; or (b) Integral Protection -when the special characteristics of the site justify its exclusive use for research activities. The criteria for this classification take into account the scientific, ecological and touristic relevance of the site, besides its regional, national or global relevance (Mansur 2010) .
For the Attorney General's Office in São Paulo, though fossils are often associated with other mineral assets, the DNPM permission given to mining companies is only for the extraction of the permitted mineral substance, and does not include fossils, which require specific authorization from the institution in order to be extracted (Mansur 2010) .
It should be emphasized that natural heritage, including geological heritage, is considered part of Brazilian cultural heritage, representing cultural appropriation and, at the same time, a conceptual unit, and so, the differentiation between natural and cultural heritage is unnecessary.
As a result, the natural categories have always been included in the Brazilian legislation related to cultural heritage (Cachão and Silva 2004, Souza et al. 2007 ). However, Pereira et al. (2008) highlight that the protection given to geological heritage by recognizing its cultural dimension isn't effective in Brazil, because there are no specialized professionals to assess the geological peculiarities of cultural sites. The same authors point out that categories of the National System of Protected Areas (Sistema Nacional de Unidades de Conservação -SNUC, in Portuguese), created by Law 9.985/2000, are the most adequate for the conservation of geological heritage. Among the aims of SNUC is the protection of natural landscapes with notable scenic importance and relevant characteristics regarding geological, geomorphological, speleological, archaeological, paleontological and cultural aspects (Brasil 2000) . However, geological features are still undervalued in Brazil's protected areas, since the protection of biodiversity is the main goal.
Mansur (2010) (Mansur 2010) . This type of protection may be applicable to sites related to mining heritage or located in degraded areas.
CONSIDERATIONS ON IN SITU AND EX SITU GEOCONSERVATION IN BRAZIL
The waste of fossiliferous material during the selection of samples highlighted by MacFadyen (2011a) also occurs in Brazil, both in fieldwork and in educational or research institutions. Samples not selected for research are generally used for teaching in the same institution, or simply discarded. Instead, the excess material could be offered as a donation to other teaching and research institutions, or to a public institution in the region where the material was collected (eg. a museum). Moreover, several samples of fossils, minerals and rocks are often discarded while still in the field, despite their potential importance for institutions that do not have similar pieces in their scientific or teaching collections (Ponciano et al. 2011) .
This material could also be exposed on a virtual database for interested researchers asking for a donation or exchange. Existing databases could be used for this purpose, such as the CPRM -Geological Survey of Brazil (http://geosgb.cprm. gov.br/). KÁTIA L. MANSUR et al.
The additional samples could also be donated to elementary or secondary schools, in order to encourage the teaching of Geology and Paleontology in courses of Sciences, Biology and Geography. It is important to mention the example of the Didactic Collections Project of DNPM which aims to promote Brazilian geological heritage through the distribution of fossils of fishes, plants and insects which have been found at the geosites of the Araripe Basin. These samples are obtained from the seizure of material collected without authorization (illegal trade in fossils), or paleontological material saved during mining activities.
Another cause of destruction of geological heritage in situ is the implementation of major infrastructure work and projects (such as power plants, transmission lines, pipelines, roads, resorts, etc). Depending on the management of companies and requirements of environmental authorities, this type of work could even provide a rare opportunity to discover new outcrops or fossil horizons, but unfortunately this is not the reality in our country. A solution for these cases is the development and implementation of geological heritage rescue programs (Stock-da-Rosa et al. 2003 , Furukawa et al. 2010 , Ponciano et al. 2011 ). In the case of roads, several good outcrops were recently covered with grass or cement, which made their study and use in field trip classes non-viable. However, it must be taken into account that rescue should not be assumed as the best alternative in every situation. The possibility of alternative locations for the enterprises should also be studied. The destruction of geological heritage in situ can prevent future discoveries of scientific relevance, so it should be considered in the light of courses of precautionary criteria.
All projects subject to environmental licensing in Brazil require studies by archaeologists to verify the possible existence of prehistoric sites and objects that might be affected by the work. A situation often found is the description of geological / fossiliferous sites by archaeologists, frequently resulting in misleading descriptions of these types of sites, without this problem being considered carefully by the authorities. Thus, the teams of agencies responsible for environmental licensing still need to be better informed about the differences and peculiarities of collection methodologies and fieldwork by geologists, paleontologists and archaeologists, as archaeologists may not have know-how in geological issues. Outcrops or sedimentary deposits evaluated only by archaeologists cannot be considered afossiliferous without at least a joint assessment being made by a geologist or a paleontologist.
Usually only the archaeological heritage is recovered during the execution of large scale work and structures. Many valuable sites and elements of geodiversity continue to be destroyed before their presence is recorded. The destruction of Brazilian geological heritage will continue to occur, until geologists and paleontologists are involved in environmental licensing procedures applied by IBAMA and by state and municipal agencies.
GUIDELINES FOR A BRAZILIAN CODE OF CONDUCT
One of the main responsibilities of the researchers leading fieldwork should be to ensure the good behavior of team members in relation to the inhabitants of the visited area, especially with the land owners where the outcrops are located. Local customs and beliefs should be taken into consideration when establishing a constructive relationship with the population living in the areas surrounding geosites. These attitudes aim to prevent the occurrence of situations preventing further visits. Prior to accessing outcrops, the land owner's permission must be requested and the objectives of the research explained, identifying the institution of the researchers, and establishing how many people will visit the site on the indicated dates. In the event of carrying out a collection, the motivation for the research should be clearly explained, so that the owners do not create false expectations in regard to the economic value of the material to be extracted, which could lead to destruction of the outcrop or prohibition of access to the geosite. It is very important to highlight to the public that fossils, rocks, minerals and soils lose part of their scientific value when removed from their place of origin without proper methodology. Furthermore, Brazilian fossils do not have economic value and cannot be sold because they are property of the Nation.
In the case of public land, it should be investigated to see if a geosite is a protected area, with rules for scientific research and sample collection, and which agency authorizations should be requested in advance of the fieldwork. For example, the Monumento Natural das Árvores Fossilizadas (Natural Monument of Fossilized Trees), created by the Ordinance NATURATINS 191/2008, has rules and procedures for authorization of scientific research and teaching activities, provided by the protected areas of the state of Tocantins.
We suggest 29 points in order to guarantee that fieldwork is conducted in accordance with geoethics, geoconservation, and sustainability values. Such proposal is detailed in three topics: (1) Measures related to behavior and practices; (2) Measures to minimize degradation on outcrops; and (3) Safety measures.
BEHAVIOR AND PRACTICES
• In order to carry out geological surveys, it is necessary to ask permission from the landowners or the management institution, making clear the objective of the survey.
• Before the beginning of fieldwork, all team members must know the legal implications concerning the removal of fossils and other legally protected materials.
• After visiting the outcrops, any changes made at the locations should be reversible and/or minimized, in order to maintain the conditions found before the execution of the fieldwork. Therefore, all equipment and materials used, particularly waste produced during the extraction of samples, should be removed from the geosite. Fences and gates of the farms should be left as found.
• All team members should be aware that they represent their institution / company and, as such, must behave appropriately.
• Local people, traditions and customs must be valued and respected.
• Results obtained through analysis of the collected material and studies performed on site should be disclosed to the owners of the land, local population and schools. It is suggested that educational activities (such as lectures and/or courses with the use of casts of the collected fossils, for example) are conducted in schools, universities and residents' associations, presenting information derived from the research, by using accessible language in order to promote public understanding. Duplicate samples could also be donated to local museums, schools and universities with the purpose of promoting the importance of the geosite and sites of geodiversity.
• Gutters draining rainwater, the track and roadside, as well as the rails of railways, must be kept free of any rock fragments that have been generated during the collection of material, preventing possible accidents.
• If collection of material is performed, the visual impact, at least in the areas of greater visibility, should be reduced, recovering them with the repositioning of displaced blocks or other material with similar composition and color as the soil or rocks of the region. This procedure is especially suitable for excavations, which should be fully covered for safety as well as aesthetic reasons.
• Damaging interference with local wildlife should be avoided. Plants and animals may inadvertently be displaced or killed through careless actions, as geosites are usually associated with other elements of natural heritage. Disturbances caused to the flora and fauna should be avoided in order to reduce possible damage to the environment. The production of noise must be kept to a minimum. The unnecessary removal of plants and animals must be avoided.
• The material collected from one site cannot be discarded at another, because it could lead to future misinterpretations.
• Any material that has been used for the construction of sidewalks, walls, bridges, buildings, or any other similar type of public or private structure should not be collected. Rocks, minerals and fossils are plentiful in cities and can be mapped for their use in heritage education projects, highlighting and disseminating their importance in the daily life of the urban population and promoting their geotouristic value. The removal of geodiversity elements which has been authorized for scientific reasons must be scheduled and carried out in an appropriate way, consolidating the material prior to its removal and recovering the structure with material similar to that which will be removed (Mcgowan and Challands 2013) .
MEASURES TO MINIMIZE DEGRADATION ON OUTCROPS
• Students cannot be allowed to destroy outcrops during educational fieldwork. • Whenever a researcher is working alone, he or she must inform another person or the authorities on route to the site and upon returning.
• In remote areas, guides should be recruited in order to assist in the tour of the team. The group should inform someone as to the planned route of the fieldwork, the number of members of the group and the day and time scheduled for return.
• In mining areas companies must be contacted before starting activities in order to obtain information on the risks and safety measures of the site. In addition, researchers must also inform their staff of safety procedures and the personal protective equipment required to perform work on site, as well as the time of entry and exit from the site. Approaching areas using vehicles and/or machinery should be avoided.
• In the case of underground activities (i.e. in caves) proper equipment must be used, and specific training and support from an expert guide are also indispensable.
CONCLUSIONS -A CODE UNDER CONSTRUCTION
The publication and distribution of the proposal for a code of conduct aim to test the response of researchers to the 29 items proposed in our guidelines. It encourages the debate on responsible behavior during fieldwork, following an approach based on geoethics, geoconservation, and sustainability values. In this way, all Brazilian geoscientists may contribute to the preservation of our geological heritage and of outcrops with special educational relevance. Moreover, a debate on a Brazilian code of conduct for fieldwork in Geology may also stimulate a broader discussion on Geoethics and Geoconservation in Brazil. This is a matter that should be addressed by technical and scientific organizations and the Geological Survey of Brazil in order to promote long overdue discussion; as actions having social and environmental repercussions should be carefully considered by all people, including citizens and scientists alike.
